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I About EPRI

e Founded in 1973 “by and for”
electricity industry

* Research key issues facing
electricity sector on behalf of
utilities and society

 Independent, nonprofit,
collaborative “public interest”
energy/environmental research

* Major offices in Palo Alto, CA,;
Charlotte, NC:; Knoxville, TN

— Laboratories in Knoxuville,
Charlotte and Lenox, MA
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Our Role...

Help Move Technologies to the Commercialization Stag  e...

Collaborative

pasic Technology

Research
and
Development

Technology
Commercialization
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Application

National _

i Suppliers
Laboratories E':EI

Universities Vendors

“Technology Accelerator”
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EPRI Portfolio Spans the Entire Industry

Generation

Distributed Resources
Fossil Steam Plants
Combustion Turbines

Market Analysis
Renewables
Hydroelectric

Nuclear Power

Equipment Reliability
Nuclear Operations &
Asset Management
High Performance Fuel

Nondestructive
Evaluation

High Performance
Workforce

Risk/Safety Mgt
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Environment

Air Quality
Global Climate
Change

Land & Groundwater
Water & Ecosystems

Electromagnetic
Fields (EMF)

Occupational
Health & Safety

Utilization

Transmission
Substations
Grid Reliability
Power Markets
Distribution
Power Quality
Electric Transportation
Energy Storage & DG
Energy Efficiency
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EPRI End-Use Energy Efficiency Program

Advancing EE as the “First Fuel”

» Expand pipeline of available, efficient
technologies through testing and
demonstration

 Lead efficiency development in electronics
and “infotainment” technology

» Advance technology to enable automated,
ubiquitous DR

* Provide analytical frameworks on EE/DR
— Potential magnitude
— Environmental impact (CO, offset)
— Behavioral/societal implications

» Rationalize effects of feedback and price

ELECTRIC POWER
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EPRI’s Living Laboratory

I ADDRESSABLE

ADJUSTABLE SPEED CONTROL MODULE

MOTOR DRIVE :
O—-10VvV)

Evaluating and
testing energy

efficiency
technology
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I Technical Feasibility of CO , Reductions
Energy Efficiency Key Component of Full Portfolio A pproach
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Achieving all targets is very aggressive, but potentially feasible. EE
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25 Renewables 55 GWe by 2030 100 GWe by 2030
E | | Nuclear 15 GWe by 2030 64 GWe by 2030
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Energy Efficiency Demonstration Project

National field demonstrations of key technologies w ith potential to
significantly reduce energy consumption in U.S. bui ldings
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Heat Pump Ductless Residential Heat Hyper-Efficient
Water Heaters Pumps and Air Conditioners Residential Appliances
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I Potential Impact of Energy Efficiency Demos

U.S. Facts — End Use Electricity Usage

» Space heating and cooling ~ 17% of total*
» Water heating ~ 9% of residential

» Qutdoor stationary ~ 8% of lighting load

» Data Centers (servers) ~ 1.0 — 2.0% of total

» Refrigerators and Clothes Dryers ~ 13% of
residential

Technical Potential to reduce...
 Demand in specific applications by up to 40%
e Overall U.S. energy consumption by ~ 6%

e Annual CO , emissions by ~ 164 Million Tons
(converting 30 million cars to zero emission)

* . . . . . .
Includes residential and commercial but omits industrial usage :P‘El ELECTRIC POWER
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I What Are Hyper-Efficient Technologies?

Unit energy savings potential up to 40%

One or more of the following features
» Advanced heat exchangers

New heat pump technology
Inverter-driven motors

CO, as a refrigerant

Distribute refrigerant instead of air

Novel power electronics

E':El ELECTRIC POWER
—
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Heat Pump Efficiency Impact

Furnace
82% AFUE

41% Reduction
In Energy

&

32% Reduction in
Carbon Footprint

Natural
Gas

Ground
Source
Heat Pump
(COP=4.6)

Ambient

Electricity Hegh

Generation

Power system losses based on average U.S. generatio  n mix, AFUE: Annual Fuel Utilization Efficiency; CO  P: Coefficient of Performance

DOE EIA Annual Energy Review 2006 . :PE E;Eil:lﬁ:?:-‘_?ﬁ i
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I Air Conditioning — Variable Refrigerant Flow
(VRF) System

o Multi-split ductless AC
systems — single

condensing unit, -
multiple evaporators B ?
* Refrigerant flow to each I £

evaporator controlled by
VFD compressors

T

« Simultaneous heating
and cooling possible

* Energy efficiency i |

improvement up to 40% | =
claimed

« Commercially available o R
in Asia —_— Figure courtesy of Daikin —
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I Characteristics of VRF Systems

* Energy-Efficient
— Heat pump system

— VFD compressor controls
refrigerant flow

— Maximizes efficiency during
partial load conditions

e Enhanced Comfort
— Individual zone control

— Designed to optimize comfort
and cost

— Improved room temperature
control (1 °F)

— Improved dehumidification:
compressor runs continuously

at minimum Speed " Figures courtesy
of Daikin
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Heat Pump Water Heaters (HPWH)

. mm « Reverse refrigeration cycle to
10.4 EWh . ~
T = == move heat against NT to heat water
o B . » Reduce energy use 50%-+
e Lo  Free cooling & dehumidification
Matural GEI (COP (600 byp rOd u Ct
1207 F'\Water
¢ Ee -
Haat Pump (COP 2.20)
14200 Btu
(4.2 K\Wh)

2 Fater )\
| |.
1 |

'y

Heat 17,700 Btu
(5.2 KWh)
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Ductless Residential Heat Pumps and Air
Conditioners (DHPSs)

» Split system heat pumps
* No duct systems

* More efficient variable-speed
DC inverter driven fans and
COMpressors

* Match heating or cooling load
at any instance

* Improved user comfort
» Lower noise levels
» Easy to retrofit

« Commonly installed in Asia
and Europe
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I Hyper Efficient Heat Pump Clothes Dryer

* Recycles heat

» Adds ambient heat from atmosphere
 Clothes dried at lower temperatures
» Dehumidification

 High cost (~$1,500-$2,500)

* Infrastructure/market barriers
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Inverter Driven Refrigerator

 Inverter driven compressor
— Adjusts power to deliver required cooling

— Multiple compartments with different
temperatures

» Microprocessor

— Monitors refrigerator temperatures

— Regulates compressor for refrigeration
* Energy reduction ~ 20%

Pictures: Courtesy Panasonic
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I Data Center Energy Efficiency
Power Consumption: 245W for 100W System Load

» Evaluate strategies
and technlques_ to Delivered
reduce losses in 100 W
AC/DC and DC/DC
power conversions

« Examine new software
strategies to reduce
server requirements

» Test and evaluate
alternative cooling

systems '

technologies and

* DC-bus as alternative
powering strategy for
computing systems
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LED Street and Area Lights

» Understand potential energy savings at
comparable levels of perceived
lllumination

» Assess reliability of LED lighting
electronics to survive real world
electrical disturbances

o Contribute to standards and codes
revision of the effectiveness of the LED
“blue spectrum” of light in dim
conditions

» Evaluate public acceptance, durability,
light performance and weather
resistance across a large number of
demonstration sites

© 2008 Electric Power Research Institute, Inc. All rights reserved. 19



Issues to be Explored

 How do these technologies
perform in U.S. buildings?

» Are they compatible with
different building designs,
codes and standards?

» Understand differences in
performance and quality
compared to traditional
technologies

Dernonsiraie

* Will consumers and skilled
workers embrace them?

\ 4

Accelerate

-

Adoptiorn « Understand obstacles that
iImpede adoption
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Demonstration Roles

Collaborator (Utility)
 Fund collaboration

* Provide oversight and
guidance to project
operations

* Receive all project
deliverables

e Candidate to Host
specific project
activities

Participants
(non utilities)

Host Utility

Collaborator that hosts
one or more site
demonstrations

|dentify suitable host sites

Secure customer
engagement

Provide installation,
operation and
maintenance of
equipment

Accept demonstration site
cost responsibility

EPRI

Identify and qualify
technologies for
demonstration

Work with
manufacturers to
secure products

Develop installation
and demonstration
protocols

Run and execute
tests and evaluate
the data

With support of host utilities and engagement with
and industry groups, EPRI will identify Gaps and Ba

manufacturers

rriers

© 2008 Electric Power Research Institute, Inc. All rights reserved.
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Planned Project Sites and Devices

Residential

Heat Pump Water Heater

Ductless Heat Pump

Hyper-efficient Appliances

Commercial

Variable Refrigerant Flow

LED Area Lighting

Data Centers

TOTAL

EPRI EED Demonstration Sites and Devices

# Sites Devices/Site Total Devices
7 50 350
6 25 150
7 25 175
7 2 14
12 12 144
6 2 12
45 845

© 2008 Electric Power Research Institute, Inc. All rights reserved.
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Timeline

Preparation

Demonstration

9 Months

2 years

Experimental design

«Participant
*Recruitment
Enrollment

*Equipment Installation

© 2008 Electric Power Research Institute, Inc. All rights reserved.

Data collection
*Participant support
*Tech transfer
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Scientific Reasons for the Demonstration

« Examine technology efficiency and
performance

» Assess diversity factors (manufacturers,
climate, rates, building designs and
constructions, exposure)

e Learn how impact on/of customers

e Identify changes necessary in building
designs and construction to attain optimum
levels of energy performance and savings

* Understand technical obstacles; e.qg.
possible impact of technologies on grid

© 2008 Electric Power Research Institute, Inc. All rights reserved. 24



EE Demo Value to Industry and Collaborators

 Help to identify levels of energy
savings

* Reduce carbon emissions while
attaining same level of comfort by
using less energy

« Understand obstacles that impede
adoption

« Understand difference in quality
and impact of demonstrated
technologies compared with
traditional technologies
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